Abstract-This paper presents an optimization of grasping object based on pressure sensor measurement. In this work, a commercial flexi force pressure sensors are assembled on the robotic hand gripper model with introducing new arrangement of pressure distributions. For optimization purpose, the authors introduced Wheatstone Bridge Circuit (WBC) methods whereby the pressure distributions were applied. Therefore, with the new arrangement of pressure sensor distribution it has promised higher sensitivity as well as stability for the developed robotic hand gripper system. This framework is considered as one of the techniques that can be applied for robotic hand applications based on pressure sensor especially for high-risk tasks such as military and dangerous environment. In other word, it can save people's life.
INTRODUCTION
The function of grasping mechanism based on robotic hand system has been purposed by many researchers [1, 2] . They have dedicated their concern to a physical touch and interface between the robotic hand and objects, during the handling process [3, 4] . In addition, they have developed miscellaneous types of grippers equipped with pressure sensors that can perform special tasks or even unfamiliar grasping objects [5] [6] [7] [8] [9] . Accordingly, there are many types of pressure sensors that have been utilized for grasping objects based on different principles, such as resistive, capacitive, optical, ultrasonic, magnetic, piezoresistive, and piezoelectric sensors. Tactile piezoresistive pressure sensor is considered as one of the appropriate pressure sensors, used to grab, hold and handle objects with accurate feedback information about the objects [10] . However, the performance of grasping mechanism based on pressure sensors still has some weaknesses in determining the pressure distribution and defining the pressure range as well as the sensitivity output of signal processing [11] . Hence, many techniques and apparatuses have been sophisticated based on pressure sensors to overcome these deficiencies, but none of them have used the piezoresistive pressure sensor based on proposed modified Wheatstone Bridge Circuit (WBC).
In this paper, the proposed robotic hand gripper with a new arrangement of pressure sensors distribution based on the modified WBC type 1 has been designed and developed for grasping an object and measuring its weight as shown in Fig.  1 . This circuit has been used to enhance the pressure measurement and increase the sensitivity output of the pressure sensor. Along with this configuration, the claw of the robotic hand gripper, a modified WBC type 2 is also utilized to increase the detection surface area to provide more measurement. Besides that a grasping algorithm also being obtained into the system for securing the grasping by extracting and analyzing the output signal. Therefore, from this outcome it is definitely has the potential of producing a new robotic hand gripper with incorporates specific pressure force and robust system complies with object's weight. In this paper, a new method of modified WBC is implemented to enhance the pressure measurement and increase the sensitivity output of the pressure sensor. At first, modified WBC type 1 is designed and utilized to measure the output pressures. Then, another supplementary modified WBC type 2 is incorporated into the system. The pressures were measured by the analogue readout circuit, which is designed and established for the proposed modified WBC. In the experimental, the results of WBC type 1 that used two pressure sensors are installed on the right and left claws of the robot. As for discussion, the relation between the pressure and voltage is more linear compared to traditional as well as the sensitivity output is also high.
A. Pressure distribution based on the proposed modified Wheatstone bridge circuit
The new method of modified Wheatstone bridge circuit is used for enhancing the pressure measurement and increasing the sensitivity output of the pressure sensor. It has been modified as shown in Fig. 2 . The pressure sensors are assembled on the left and right claw of the robotic hand model. First, two pressure sensors are assembled to determine the pressure based on the proposed modified Wheatstone bridge circuit type 1. After that, another two pressure sensors are assembled based on the proposed modified Wheatstone bridge circuit type 2. After that, the proposed modified WBC type 2 is implemented. This type of circuit will increase the sensitivity output and offers very significant improvement of pressure values due to the connection between the pressure sensors. Four pressure sensors are used in the WBC type 2 in order to measure the pressure between the robotic hand and the object. Fig. 3 shows that when the weight of the object increases, the output voltage increases as well. Furthermore, the sensitivity output of this curve is high, compared to the previous one and the residual R² is also increased. This indicates that the output measurement by using this circuit leads to the best result to be used for analysis and signal processing. The regression line of the linear relation between the voltage and the pressure is expressed as in (1). y = a + bx Volt = 0.5974 + (3.5493) × Pressure The pressure distribution per pressure sensor is demonstrated in Fig. 4 . It is obvious that the pressure when the object's weight is not high will be distributed to the four sensors approximate evenly whereas it is increased dramatically as the weight of the object increased. Furthermore, based on the sensors distribution on the right and left claw of the model robotic hand, the behaviour of the pressure per sensor is formed. Eventually, these results improve that the pressure is distributed on the right and left claw of the current model robotic hand as required. In Figures 5 and 6 , the resistance, conductance and duty cycle are illustrated respectively. The regression curve of conductance is more linear than in traditional circuit as well as in Wheatstone bridge type 1. Furthermore, the duty cycle is 39.7% which is less than the Wheatstone bridge circuit type 1(60.8%) and traditional circuit (61.2%). Thus, the power consumption for the proposed method is the best one comparing to other. Based on the investigation of the three methods of pressure distribution, the researcher is proposed the modified Wheatstone bridge circuit type 2 as it is achieved a high sensitivity comparing with other methods. Fig. 7 shows the difference between the three circuits based on pressure sensor. This graph also clarifies the relation between volt and pressure as well as the sensitivity output per circuit. As seen in Fig. 7 , the proposed modified Wheatstone bridge circuit type 2 differs dramatically from other circuits in that the occurred sensitivity output is the best since the residual is the highest one R² = (0.982). In addition, this type of circuit is achieved high sensitivity in measurement weight, more accurate data and low power consumption. In Table 1 , the results show the difference between the three circuits and also prove the fruitfulness of the proposed method. The sensitivity for each circuit is measure and compared with the typical curve. Based on the result obtained as seen in the table, the proposed modified Wheatstone bridge circuit type 2 has a high conductance linear curve R² = (0.982) while in the traditional circuit and Wheatstone bridge circuit type 1 is R² = (0.886), R² = (0.942) respectively. Inversely, the duty cycle on the proposed method has the lowest duty cycle (39.7) compared with other methods. 
III. CONCLUSION
This study has introduced and developed a grasping mechanism to grasp the object for pressure measurement purposes, according to a proposed grasping algorithm. The new arrangement of multiple pressure sensors based on three circuits has been assembled on the robotic hand. These circuits include the TPSC, modified WBC type 1 and the proposed modified WBC type 2. As an outcome, the modified WBC type 2 is recommended to be used for analysing high sensitivity and efficient pressure distribution. The experimental investigation of the three methods of pressure distribution has been conducted based on proposed applied algorithm. The analogue signals of multiple sensors are analyzed and processed and the pressure is also measured and calculated for the selected object. The performance and robustness of the system is validated by a serried of experiments, including grasping of object over a series of weights. The experimental results proved that the proposed modified WBC type 2 is the best circuit to perform the grasping process with high stability and high accuracy for pressure measurement. Furthermore, it has improved the performance of the system, as it is able to enhance the pressure measurement and increase the sensitivity output of the pressure sensor and also increase the detection pressure area. 
